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A modern technique for 
microwave oscillator 
generation Part 1 


This article describes a simple and up- 
to-date technique for oscillator 
generation. It is used to generate LO 
signals in a range between 9.5 and 
12GHz. 


The advantage is obvious: you’ll just 
need two multiplier stages and only 
one printed circuit board layout for 
various models. A high degree of 
flexibility is attained, the number of 
components is reduced and easy 
reproduction of the project is 
guaranteed. Two variants of the 
oscillator module are described (A1 
and A2). Higher frequency LO signals 
(e.g. 24 and 38GHz) can be obtained 
by additional frequency multiplication. 
The corresponding modules will be 
described in a later article (Part 2). 


1. 
Introduction 


For about fifteen years now, the various 
oscillator techniques used by M. Kuhne, 
DBO6NT [1] have received a warm 
welcome from those interested in 
microwaves. These modules use the 
following technique: the oscillator signal 
(typically between 100 and 125MHz) is 
initially trebled and then continuously 
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doubled until a fixed multiplication 
factor of 96 is attained. A filter system is 
set up between the individual multiplier 
or amplifier stages. The output 
frequencies obtained vary between 9.5 
and 12GHz. Other designs such as those 
from P. Vogel, DLIRQ [2] and M. 
Vidmar, S53MV [3], work in a similar 
way. 


The purpose of this two part article is to 
develop an alternative technique relating 
to frequency multiplication in the 
microwave range covering the entire 
spectrum that interests radio amateurs. 


The advantage, as against other solutions, 
is obvious from two arguments alone : 


e You are working with only one 
board layout. 


e There are just two multiplier stages 
in use in the circuit. 


The design presented here has the 
following advantages, as against other 
developments: 


e Only two semi-conductors are used 
for frequency multiplication (the 
power supply is designed on 
correspondingly simple lines). 


e The modules can be assembled in a 
very compact manner and require 


VHF COMMUNICATIONS 2/2005 


9.5 to 12GHz 


Output signal 


Amplifier 


Multiplier 


Module A2 


3 pole helix filter 


Module Al 


2 
8 
x 
o 

= 

4 
s 

Nod 

ui 

pa 
s 

2 
3 

2 
2 

wv 


LC Bandpass 


-7H 


0dBm for 5 


Input amplifier Comb generator 


Fig 1: Block diagram of oscillator showing modules Al and A2 


Approximately 
Oscillator 


100MHz 


only a small amount of space. 


e The generation of frequencies 
between 9.5 and 12GHz is based on 
a single board layout. Only the LC 
band pass filter and the selection of 
the subsequent helical filter must be 
altered. 


e The multiplication factor of 96 can 
be replaced by alternative values of 
80 or 112, a fact which leads to a 
high degree of flexibility in 
frequency selection. 


e The extremely low input level of the 
times 16 multiplier stage means that 
you can work with very low 
oscillator output levels (<< OdBm), or 
that the input amplifier can be 
dispensed with, if necessary (see 
below). 


Table 1 lists the frequently used 
frequencies, with the processing mode 
for each of them. This is based on a fixed 
multiplication factor of 96. Table 2 
illustrates the principle applied here with 
two examples: the generation of an X 
band frequency (10368MHz) and that of 
the frequency (9504 MHz) for the E 
band. The signals can be represented 
with various oscillator frequencies and 
variable multiplication numbers in 
module A (in variants Al and A2). 
Module B shows another signal 
multiplication (Part 2). 


Zs 
Circuit description for 
module A 


The oscillator signal (between 80 and 
150MHz) is amplified up to a level of 10 
to 12dBm. This signal (f,) is fed to a 
comb generator and the appropriate 
harmonic frequency (5 x fo, 6 x fo ,or 7 x 
fo) is filtered out. 
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Table 1: 
Oscillator IF Output signal Signal after multiplication 
(MHz) (MHz) x96 (MHz) (MHz) 
99.000 9504 x4 = 38016, x2 = 76031 
99.187 +144 9522 x4 = 38088, x2 = 76176 
108.00 10368 
106.50 -144 10224 
126.00 12096 x2 = 24192 
125.250 -144 12024 x2 = 24048 
122.625 11772 x4 = 47088 
122.250 -144 11736 x4 = 46944 
The narrow band signal (fi) is fed toa module A, the output frequency 


times 16 multiplier IC, which generates 
the desired final frequency (Fig 1). The 
power at the output is approximately 
OdBm (+3dBm, dependent on the 
frequency). This simple design is 
implemented in the variant referred to as 
module Al and is conceived of as a 
driver for the subsequent module B for 
further multiplication. (The filtration of 
the signal can be integrated there.) If no 
further frequency multiplication is 
planned, the signal is then amplified and 
filtered. This happens in the variant 
referred to as module A2. 


Table 2 shows that the frequency 
10368MHz comes from oscillator 
frequencies of 129.000, 108.000 and 
92.571MHz, the signal applied from the 
comb generator (fi) always remaining at 
648MHz. For 9504MHz, you require 
594MHz (fi). 


For a more detailed description of 


Table 2: 


9504MHz and a multiplication factor of 
96 are used. The circuit diagram can be 
seen in Fig 2 & 3. 


2.1. Oscillator amplifier 


The oscillator frequency required is 
99.000MHz. The signal (0 dBm) is raised 
to 10 to 12dBm by means of a monolithic 
IC (e.g. ERA3). For oscillator levels 
exceeding 0dBm, this amplifier stage can 
be dispensed with (see times 16 
multiplier). 


Owing to the uncomplicated layout and 
the increased flexibility obtained for the 
module, the amplifier has been 
integrated. 


2.2. Comb generator 


The semiconductor selected was the 
BFG135a NPN transistor (Philips). The 
amplifier circuit proposed in the data 


Oscillator Comb generator x  Outputof Multiplication Output of 

signal f, signal f, MHz) Module A factor Module B x4 
(MHz) (MHz) (MHz) 

129.600 5 x f, = 648 16 =10368 80 

108.000 6x f, = 648 16 10368 96 

92.571 7 x {0 = 648 16 =10368 112 

118.800 5 x f0 = 594 16 9504 80 38016 x2 = 76032 
99.000 6 x f0 = 594 16 9504 96 38016 x2 = 76032 
118.800 7 x f0 = 594 16 9504 112 38016 x2 = 76032 
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DC converter 


MKUS55: 


Fig 3: Circuit diagram of power supply for oscillator. 


sheet [4] has been modified so that the 
transistor operates as a reliable comb 
generator. Fig 10 illustrates that with a 
drive of approximately 10dBm the signal 
strengths of the harmonics generated (fi) 
can be up to 8 x fo at 0 dBm. For other 
purposes, the generator can be adjusted 
for frequencies of up to 1.5 / 2GHz with 
good levels. All that is needed to operate 
it is a positive voltage, which can also be 
used to control the individual output 
levels. 


2.3. Isolation and filtration of the f, 
signal 


The initial selection of the 6th harmonic 
frequency of the oscillator signal (6 x fo 
=594MHz) is handled by a simple LC 
bandpass filter (BW is approximately 
180MHz at -10 dB). It was inserted so 
that the subsequent helical filter would 
not be “overtaxed” by signals far away 
from its pass band. The triple helical 
filter (SHT-5905F-590 from TOKO, 
centre frequency 590MHz) is fixed at 
594MHz. It attenuates signals + SOMHz 
around 34 or 25dB (-1dB BW is 12MHz; 
the insertion loss amounts to -4.8dB). 
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The selectivity of a double filter is 
naturally also adequate, but since 
attenuation actually plays a limited role 
(see below) the three pole version was 
used. 


2.4. Times 16 multiplier 


The multiplier IC HMC445 (from Hittite) 
was used here in an LP4 housing (4 x 
4mm). The module is intended for output 
frequencies between 9.9 and 11GHz. 
However, it operates perfectly well, with 
very slight limitations, between 9.5 and 
12GHz. Remarkably, the times 16 
multiplier can still process drive levels of 
-22dBm without any reduction in the 
output signal (levels of up to -2 dBm still 
give usable signals !). Depending on the 
frequency, the signal strength at the 
output lies between +4 and -4dBm. A 
level of 9504MHz was measured at 
+2dBm. 


2.5. Amplifier for 9.5GHz 


The simplest solution for increasing a 
signal by approximately 8 to 10dB is to 
use the tried and tested MGF1303 
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Fig 4: Photograph showing the top view of module Al. 


GaAsFET. As an alternative a low noise 
amplifier could also be used, such as a 
CHA2063aMAF (in a ceramic housing, 
from UMS), if a higher power ratio is 
desired. 


2.6. Filtration of 9.5GHz signal 


Three options were investigated. Here are 
some brief notes on their advantages and 
disadvantages. 


e Inter-digital filter [5]: 


Advantages: Easy to make, high 
selectivity (-3dB BW = 55MHz; 
resonator interval = 16mm; filter 
diameter = 10mm), acceptable 


insertion loss of -3dB. 


Disadvantages: relatively large, 
difficult to integrate into single board 
layout and into one housing. 


Stripline filter (on Rogers RT5580, 
0.13mm) 


Advantages: relatively compact 
(particularly true for model in 
accordance with hairpin principle), 
can be seamlessly integrated into a 
layout, good selectivity attainable. 


Disadvantages: Can not be 
implemented quickly except with 
help of a simulation program, must 
be professionally manufactured, high 
insertion loss (approximately 8dB); 


Fig 5: Photograph showing the bottom view of module Al. 
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i.e. the filter must be combined with the housing base, this solution was 
an amplifier, which levels the losses _ preferred for module A2. 

out again. A_ prototype was 

assembled within the framework of 

module B (Part 2). 


° Pipecap filter (e.g. [6 -8]) 3. 
Advantages: can easily be produced, Mechanical assembly and board 


adequate selectivity and acceptable layout 
insertion loss (approximately 2.5dB). 


Disadvantages: _ relatively 
asymmetrical transmission curve The modules were milled from brass. 
(BW + 300MHz = -25 or -21dB). Module Al (Figs 3 & 4) has dimensions 


of 109mm x 26mm x 15mm . The cavity 


Si the pi filter i t 
eee ee eae ee for the board (102.8mm x 19.8mm ) is 


produce, and is also easy to integrate into 
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Fig 8: PCB layout and component layout for module Al. 


recessed 6mm deep. The housing 
underside (7mm deep) is likewise milled 
out for the power feed connection. The 
feedthrough capacitors in the housing 
base connect the two cavities together. 
The helical filter is adjusted from the 
underside of the housing. The cavity’s 


base has been removed at the appropriate 
point for the mounting of the three pole 
filter. 


The dimensions for module A2 (see Fig. 
6 & 7) are 79mm x 43mm x 15mm. The 
cavity for the mounting of the circuit 


Fig 9: PCB amd 
component layout 
for module A2. 


10 dB 
100 MHz 


VHF COMMUNICATIONS 2/2005 


Fig 10: Measured outputs from the comb filter before and after filtering. 


board (72.5mm x 37.3mm ) is 5mm deep. 
In addition, a 40mm. long partition has 
been inserted into the base of the housing 
to improve the RF isolation. 


The pipecap filter is milled directly into 
the housing base (diameter 16mm, 8mm 
deep; adjustment screw = M4 Extra Fine) 
and the circuit board is laid on top of it 
(coupling pin distance 10.5mm, length 
2.2mm). An adhesive mat is used to 
connect the circuit board and the 
resonator. The helical filter and the 
power feed connection are mounted as 
for module Al. 


The board layouts (Figs 8 & 9) were 
transferred onto FR4 substrates (0.5mm; 
Cu coating =35um; er= 4.6) and the 


copper surfaces were silver plated (The 
earth surface of the circuit board forms 
the base of the pipecap filter in module 
A2!). 


The boards are through hole plated at 
numerous points (0.5mm).and are fixed 
on the base of the cavity by means of a 
mat impregnated with silver (Ablestick 
FSCM21109). 


The layout is organised around fitting 
SMD components only (see Figs 8 & 9). 
The fastening process used can be either 
soldering or gluing (silver conducting 
adhesive). Only glueing is recommended 
for mounting the sextupler (HMC445), 
with the help of a powerful magnifying 
glass. 


200 MHz 


Fig 12: Measured output from 
module A2 at 9504MHz. 


VHF COMMUNICATIONS 2/2005 


4. 
Results 


The signal at various stages is shown in 
Figs 10 & 11. The comb generator 
generates a large number of harmonic 
signals (Fig 10). The 6th harmonic of the 
oscillator frequency of 99MHz (i.e. 
594MHz) is filtered out. Fig 10 illustrates 
the selection obtained after the helical 
filter. 


With the times sixteen multiplication of 
the signal to 9504MHz, it becomes clear 
(Fig 11) that unwanted signals appear at 
distances of + 99MHz and +594 MHz 
from the main signal. However, these are 
approximately 35 - 40dBc lower than the 
required frequency. This means that, for 
many applications, even the simple 
module Al can b used as a signal source. 
It is therefore also used as a driver for 
additional multiplier modules (see Part 
2). 


Finally, Fig 12 shows the amplified 
signal spectrum, filtered by a pipecap 
filter It corresponds to the output from 
module A2. 


5. 
Notes and acknowledgments 


The frequency spectra were measured 
using an 8565A HP analyser. The SMS 
generator from Rohde & Schwarz was 
used as the signal source. 


Circuit simulations were carried out by 
means of the “Microwave Office” 
program (Applied Wave Research, Inc.). 
Gerber data on board manufacture can be 
obtained from me. 


o 


My thanks are due to Mr. A. Goray (sma- 
electronics) for the helical filters made 
available and to Jochen Ehrlich 
(DK3CK) for some stimulating criticism. 
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Solutions for stable and precise 
microwave frequency generation 


1. 
Nature of the difficulties 


In spite of many publications about this 
subject, difficulties seem not to be solved 
for a number of people working on SHF. 
Frequency stability seems to have been 
obtained but knowing the actual fre- 
quency is still a problem that increases 
the difficulty of making a QSO, in 
addition to the classic problems such as 
dish orientation and very deep QSB. 


Knowing the actual SHF frequency is 
difficult because of the precision level 
required. To find a call accurately re- 
quires it to be within the frequency 
bandwidth of the receiver, so about one 
kilohertz for an SSB signal. At 144MHz, 
a 7x 10° precision is enough; at 10GHz, 
we need 107, so 72 times better! For 
higher frequencies and/or more demand- 
ing modes than SSB, we need a greater 
precision. 


10 224 MHz 


106,5 MHz 


2. 


SHF local oscillators 


A conventional solution uses a chain with 
a crystal oscillator and multiplier stages. 
For example, for 10GHz, we need a 
106.5MHz oscillator followed by multi- 
pliers to get 10,224MHz output when the 
transverter is followed by a 144MHz 
transceiver (Fig 1). The 106.5MHz oscil- 
lator is the key for frequency stability 
and knowledge of the actual frequency. 
Most standard 144MHz transceivers are 
stable and precise enough to use. 


3; 

The 106.5MHz oscillator 

Current practice is to use a 3rd or Sth 
overtone crystal. To get good tempera- 


Fig 1: 10GHz 
transverter. 


10368 MHz 


transceiver 144 MHz 
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ture stability, we can manage with a 
TCXO, which means a crystal compen- 
sated with negative temperature coeffi- 
cient capacitors. To obtain better results, 
we can have the crystal temperature, or 
better, the whole oscillator, at a constant 
temperature with a thermostatic control- 
led oven, i.e. an OCXO. 


4. 


Difficulties encountered 


The OCXO temperature can be main- 
tained within less a tenth of degree 
Celsius even with ambient temperature 
variations, from negative values up to 
high positive ones. The short-term stabil- 
ity can be excellent. However, users 
observe a recovery effect. It is not the 
crystal ageing, because the periodical 
tuning is not very demanding; it is the 
retrace effect. When a crystal oscillator is 
switched off for a period, it does not 
recover the same frequency when it is 
switch on again. The length of the break 


100 MHz 


Fig 2: Frequency 
retrace effect of a 
10MHz OCXO. 

A: Oven cycled off 
and on with 
oscillator running. 
B: Oscillator 
cycled off and on 
with oven running. 


in use is related to the length of time for 
the crystal to come back to the same 
frequency, i.e. a new ageing slope. This 
problem makes it difficult to know the 
actual frequency being used and means 
that we must use a known frequency 
reference, such as a beacon, to recali- 
brate. 


5. 


Real cause and cure 


Common quality VHF crystals are manu- 
factured with an AT cut. Retrace effects 
are very prominent. Professionally it is 
usual to use SC cut crystals to reduce the 
retrace effect. Unfortunately, these crys- 
tals are not made for individual requests 
like the common AT cut crystals and 
their cost is much higher. Moreover, it is 
preferable to use lower frequency crys- 
tals such as 5 or 1OMHz to get the better 
results. We can get professional OCXO 
at rallies or on Ebay. Behaviour of a 
good OCXO is shown Fig 2 for two cases 


Fig 3: Synthesised 
local oscillator. 


ocKxa 
106,5 MHz 


signal de 
correction 


of rest: oven switched off only, and 
oscillator only. For a VHF OCXO values 
are 100 times worse! 


6. 
10MHz OCXO use 


To start at l|OMHz, we have to modify 
the local oscillator chain, see [1,2] for 
descriptions of synthesiser or PLL solu- 
tions (Fig 3 and 4). Some people doubt 
the signal quality obtained by the synthe- 
sis method owing to the very high multi- 
plication of the basic frequency. For a 
good 10MHz OCXO and for a careful 
design and construction, measurements 
have showed nothing wrong. 76GHz tests 
by F5CAU, 10GHz EME by DC9UP and 
the world record on 241GHz in the States 
gives this validity. We can see and hear 
signals produced by several kinds of 
sources in [3]. 


: 12 ¥ 10 Ah 


oOcko 
Ag 
10 MHz 
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Fig 4: Local 
oscillator with 
PLL. 


[ie 10 224 MHz 


De 


A very simple solution 


If we do not want to invest in a chain 
using a 1OMHz OCXO, there is a very 
simple solution already used by the au- 
thor to obtain good results with a 
106.5MHz OCXO, we only need to keep 
it switched on continuously! If we do this 
then only the crystal ageing will act and 
only infrequent calibration will be 
needed. I can also advise that the solution 
using a 1|OMHz OCXO to work on the 
highest bands and/or with modes more 
exacting than SSB is acceptable. 


The OCXO can be fitted with a small 
auxiliary battery, float charged in the 
shack and discharged on site (Fig.5). 
With a 7Ah sealed lead-acid battery, the 
safety margin will be enough for two 
days operating: when its operating tem- 
perature is reached, power consumption 
is reduced. Caution: do not use a garage 
type charger, un-smoothed or un-regu- 


Fig 5: Permanently 
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Fig 6: Parameters 
for charging power 
supply. 


lated supply for float charging; this will 
reduce battery life. I advise a PSU: 13.5V 
constant voltage, 1A limiting current (Fig 
6). The trickle current is about 0.5 to 
1mA per Ah of capacity. Total current is 
the sum of trickle current plus OCXO 
current, approximately 200mA. 


8. 


Conclusion 


I do not expect to hear on the 10GHz 
band “Pll transmit at 100 within 10kHz”. 
How much easier the QSO would be. 
Moreover, the door is open for modes of 
operation more stringent for frequency 
stability and accuracy, to receive unread- 
able SSB or classical CW. 


9. 
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Transverter Adapter for use 
with ICOM IC735/751 


In this article, a transverter adapter 
for ICOM 735/751 (and possibly some 
others will be described). The design 
was originally made in 1991 when the 
above mentioned transceivers were 
still being sold. It was intended to be a 
small commercial project for PECAB 
Electronik, a company started in 
Gothenburg around 1988, but once we 
had our own demand satisfied, it was 
put on the shelf. Then during a few 
years of personal turmoil, I thought I 
had lost all the design files. 


Some time ago, I found the old docu- 
mentation and just recently, the origi- 
nal design files. Neither myself nor 
Hans SM6EUP, the owner of PECAB 
Electronik had any intention to start 
selling the adapters so we decided to 
place the design in the “Public Do- 
main”. 

I think that five or ten of these units 
were built and used by VHF’ers on the 
Swedish west coast. Fig 1 shows a 
completed station using the adapter. 
Nowadays, complete boxes with every- 
thing from HF to UHF are on the 
market, but maybe some amateurs can 
find anything worth out of this article. 
Although I have made my best to 
recollect the design, I can make no 
guarantees that the design files are 
error free. 


Another thing to watch is that the 
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components originally used may not be 
available anymore. Although the origi- 
nal design and gerber files are avail- 
able on the VHF Communications web 
site, they may not be usable! 


1.0 


General 


The ICOM series of short wave trans- 
ceivers 735/751 were well designed HF 
equipment at the time when they were 
being sold. I remember when I bought 
my 751 around 1985. As a VHF amateur, 
I was only allowed to use it as an IF for 
my transverter for 70cm. I quickly real- 
ised that it had not been developed for 
the amateur with VHF in his mind. The 
transceiver had very low 28MHz IF 
level. This signal is not very well filtered 
either. There are no floating relay output 
for PA T/R switching. Furthermore, no 
ALC is provided, and disabling requires 
+8V to be applied at one of the ICOM 
accessory terminals. 


It was therefore decided to try to build an 


adapter that would have the following 
features: 


e Bandpass filtered 283MHz 
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Fig 1: Picture of 
) TRANGVERTER ADAPTER’ “@) the transverter 
el ON/OFF adapter in use with 
an ICOM IC751. 


ON TX RF-LEVEL 
gg © 


e A delayed RF turn on. e 28MHz Bandpass filter: 3dB points: 
27...31MHz, 20dB points: 25-32 


e ALC detection MHz 


e All relay functionality that could be 
required for driving and controlling 
external equipment. e Two relay outputs with NO/NC 

function, galvanically isolated from 
chassis ground (100V/2A/60VA 


2.0 max) 


e 0Q—(tbd) ALC Output 


Specifications e RF “on”, TX may be delayed 
approximately 0.5 seconds in order 


to allow high power amplifier and 


The technical specifications of the final antenna relays to settle before drive 


version is listed below: is present at the transverter drive 
output connector. This feature is 
¢ ICOM 28MHz Drive level: - jumper selectable. 
10...0dBm e +12V T/R delayed voltage available 
¢ Output 28MHz Drive Level: 0.2A max (see above) 
+13dBm (20mW) max. continuously e +8V for ICOM Final HF amplifier 
variable ignore 
fe Hanmonies se ae @ out ¢ High Z TX shift sensing; > +5V @ 
+10dBm 4k7 Ohms (For ICOM’s +5...12V 
e Non harmonic signal suppression: <- applied to TXH) 


70dBC @ Pout +10dBm e Extra TX active low sensing; < 5V 
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@ 4k7 Ohms. This makes the 
transverter adapter useable with 
other types of HF transceivers. (TXL 
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fo ao ayo iia 
Or Ol” Ol Oo OO 


5\ 


INTERFACE 10, 
HF -TRANSCE(VER © 


Interfoce Connecta 
Connect to ICOM RX Out 


Connect to ICOM RX In——— 


onnect to Transverter RX output 


onnect to Transverter TX Input 


——Connect to ICOM Transverter port 


grounded) 


e Received bandpass filtered signal 
loss at 28.2 MHz: -3dB 


Fig 2: 
TXDRV IN DRV->TRY TRV RY HFANT QUT ion © connectors on the 


Layout of 


turned ON) = Isolation between HF 
antenna connector(s) and the 
Transverter RX Connector: 55dB 


e Isolation between HF-ANT-IN € > 


HF-ANT-OUT in transvert mode 
(adapters turned ON) = Isolation 


between HF antenna connectors: 65 


e Isolation between HF-ANT-IN €> 
TRV RX in transvert mode (Adapter 


Table 1: Pin connections for 15 pin DSUB connector. 


Pin 


Signal ICOM 
1C735 


+12V when in TX. (Delay by internal jumper) 

TXH > +5V will put the adapter in TX mode 

TXL <5V will put the adapter in TX mode SEND (Phono 
jack) 

Ext Relay 1 Common 

Ext Relay 1 NC 

Ext Relay 1 NO 

Ext Relay 2 Common 

Ext Relay 2 NC 

+12V switched by ICOM station ACC(2) pin 7 

(Adapter supply voltage) 

GND 


ACC(2) pin 5 
GND See above 
GND See above 
ALC Output from Adapter ACC(2) pin 5 


+8V Output; Will Put ICOM in Transvert mode ACC(2) pin 6 
(HF amplifier turned OFF) 
Ext Relay 2 NO 


ICOM 
IC751 


ACC pin 6 


ACC pin 2 


ACC pin 7 
See above 
See above 
ACC pin 7 
ACC pin 11 
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e Dimensions: (L x WxH) 165 x 
120 x 65mm 


e¢ Connectors: Five 50 Ohm BNC 
female for all RF signals. One 15 
pin DSUB for DC interfaces. 


The transverter adapter is connected to 
the ICOM HF transceiver by means of a 
15 pin male DSUB connector (Table 1) 
and coax cables at the rear of the adapter 


(Fig 2). 


3.0 


Principle of Operation 


The circuit diagram of the adapter is 
shown in Fig 3. The printed circuit board 
and component layout are show in Figs 4 
— 6, the pcb files are available on the 
VHF Communications web site. 


The transverter adapter consists of four 
major parts: 
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1 |Fig 4: Track side 
of transverter 
adapter PCB. 


, 
? 


e 28-30MHz Bandpass Filter 
e RF amplifier chain 
e ALC amplifier chain 


e DC Interfacing and relay actuation 
circuitry 


The transverter terminal on the rear panel 
of the ICOM station is not filtered. Quite 
a few spurii are present close to the 
28MHz TX drive signal. These are not 
strong, but if they are left unfiltered, they 
will mix with the transverter LO produc- 
ing signals outside the amateur radio 
bands. 


The 28...30MHz Bandpass filter reduces 
the spurii. After filtering, non harmonic 
intermodulation products are down more 
than —70dBC. Since the the transverter 
terminal is also used for receiving pur- 
poses, the down converted signal is also 
filtered. 


The RF amplifier has enough gain 
(>30dB) to be able to compensate for 
ICOM’s 30mV (-18dBm) output level. 
The output level without ALC limiting 
may reach +16dBm, but the first har- 
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monic at 56MHz will then be less than — 
15dBC. 


At first, only one chain of RF amplifiers 
was used, but it soon became clear that 
the ALC detector generated severe inter- 
modulation. Therefore, two amplifier 
chains were used. 


When the ALC level is adjusted so that 
the transverter adapter 28MHz drive is 
reduced to some +10dBm, the 56MHz 
first overtone is reduced to —S6dBC. 


ICOM uses +8V to shut down the final 
amplifier. An 8V supply is available at 
the accessory outlets of the 735 and 751, 
but the maximum load is specified at 
5mA for the 751. We did not want to use 
this obviously “fragile” supply, so we 
chosed to supply an 8V output of our 
own, derived from a 7808. 


3.1 ICOM IC751 


The 751 has a +8V supply present when 
in TX. This signal is fed to the adapter 
pin 2 (TXHigh) and switches the Acces- 
sory relay RLS through Q2. Outputs from 
this relay should be used to put the 
transverter and any [VHF/UHF] final 
amplifier in TX mode. 


Kw 
co 
ne 


The signal also turns on the RF and ALC 
amplifiers. The voltage may be delayed 
by approximately 0.5 seconds. This en- 
sures that the transverter and any antenna 
switches relays has settled before RF 
current can flow. 


3.2 ICOM IC735 


The 735 has the PTT connected so that 
the microphone and SEND pins of the 
accessory connectors at the rear panel are 
in parallel . When in RX position, the 
voltage is about 6.5 V. 


This signal is not usable for the trans- 
verter adapter. Instead, the SEND Phono 
plug outlet is used. This is a mercury 
wetted relay with about 100mA current 
limit. The centre pin is forced to 0V 
when the 735 is in transmit mode. This 
signal should be connected to the TXLow 
(pin3) of the adapter. 


3.3 Leakage Protection 


The adapter also has an extra feature for 
HF Input antenna protection. The RX 
signal from the HF antenna relay of the 
735/751 is connected to the RXAnt-In 
connector of the adapter. When the trans- 
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Farts PECAB, SHEDEN 
ceiver and the adapter is turned OFF, the 
signal is fed to the 50 Ohm resistor R10. 
When the transceiver is used for HF 
operation (adapter turned OFF), the relay 
RL4 is activated and the signal is fed to 
the RXAnt-Out connector and on to the 
HF transceiver. When the equipment is 
used for VHF/UHF, the relay is deacti- 
vated and the HF signal is directed to the 
50 Ohm resistor. This prevents any le- 
kage. Ever heard south America on 432 
MHz for an entire afternoon? 


4.0 


First Time Operation 


Connect the Transverter Adapter to the 
HF Transceiver in accordance with the 
interface drawing and table. The adapter 
has an extra relay with two galvanically 
isolated sections intended for T/R switch- 
ing of a linear amplifier. Make sure that 
applied voltage and current never ex- 
ceeds 100V/2A resistive load. 


Connect a transverter with a power meter 
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1 |Fig 6: Component 


C18 
TRY-RX f=] 
= ae. 
rs 
vat, 
Pi 


ERE: 
co 


frm a cs 


ICé cee, 1c5 ca4 
= 


© IDICATES DOT ON MIC-AMP 


in series with the [VHF/UHF] antenna 
cable. Power up the HF transceiver and 
the transverter adapter. Set the frequency 
to a clear frequency and make sure that 
your dummy load is connected. 


e Turn the ALC and RF potentiometer 
fully Counter Clock Wise. 


e Key down to obtain RF output. 


e Slowly turn the ALC potentiometer 
until the ICOM transceiver starts 
indicating ALC return. 


e Turn the RF-Level potentiometer 
slowly Clock Wise until the RF level 
saturates. Then turn CCW until it 
just starts to drop. 


e The Transverter Adapter is now 
adjusted and ready for use 
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5.0 
Appendix: 


5.1 Parts List 


All resistors are % W, metal film, Most 


capacitors used were KEMET CK05 

RI, R3 220 Ohm 
10 Ohm 

R4 270 Ohm 2 W 

R5, 22 100 Ohm 4W 

R6, 21 150 Ohm 4W 

R7 1K 

R10 47 Ohm 1W 8 modules 
(8 x 2.54) 

R11 560 Ohm 

R12, 13, 14, 17, 18 4K7 

R15, 16 10K 

R19, 20 27 Ohm 

R23 270 Ohm 2 W 

R24 PTC “Raychem fuse” 
250 mA 

CIA, 2B, 3B, 4A, 5B, 11, 12 
22pF NPO 

C1B, 10, 13 56pF NPO 

CT1, CT4 2-22pF Philips 
Trimmer “Green” 808- 
11 

C2C, 3C, 4B, 5C 82pF NPO 

C3A, 5A 10pF NPO 


C7, 8, 9, 22, 24, 25, 29 
InF CHIP 1206 NPO 
C14, 15, 16, 19, 26, 27, 28, 30, 31 


10nF X7R 

C20, 21 100nF X7R 

C23 100uF 35VDC Axial 
10 modules ( 25.4mm) 

D1, 3, 4,6 1N4002 or equiv. 

D2 AA118 (preferred) or 
5082-2800 
(1N5711)...or any 
germanium type... 

D7, 8 1N4148 

LD1 LED 5mm Green 
“ON” 

LD3 LED 5mm Red 
al Wr, ies 

Ql, 3 2N2907 


Ca 

Q2 2N2222 
ICI, 6 MAR3 
1C2, 5 MAR4 
1C3, 7 MSA1104 (or 

MAWI11) 
ICc4 7808 
L1,L2,L3 453nH: This should be 


some 13 turns on 
AMIDON T37-10 


L4-L9 56uH axial 

Tl Primary 20 turns 
secondary 68 turns on 
AMIDON FT37-61 

FL2-FL10 Murata DSS306, InF 


Three lead EMI-filter. 
Kl 15 pin DSUB Male. 
Right Angle Note that 
pin numbers differs 
between a male and a 
female if you use a 
female connector 
instead... 
Relay: RF, RK1-12V 
Relay: SDS DSE- 
M12V 


5.2 Design Files 


Together with this article, the original 
design files made using (the now anti- 
quated) EEDesigner-III Schematic Cap- 
ture and PCB Layout tool has been 
found. I reinstalled the complete design 
system and reopened the design. I was 
also able to generate Gerber and NCData 
should anyone want to fabricate circuit 
boards. Using more modern software, I 
was able to convert RS274D Gerber to 
the more modern RS274X format. The 
design file can be found on the VHF 
Communications web site 
www.vhfcomm.co.uk 


RLI1, RL4 
RL2, RL3, RLS 


Thanks to: 
SM6FHZ, Ingolf, who provided the first 
sketches and ideas and made filter calcu- 


lations. 


SM6EUP Hans, who provided valuable 
tips and funding for the idea. 
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Alexander Meier, DG6RBP 


Universal measuring amplifier 
for low DC voltages 


A simple universal measuring ampli- 1, 

fier has been developed for measuring g 
low DC voltages right down to the Introduction 
microvolt range. The gain can be 
switched in four decimal ranges from 1 
to 1,000 with an accuracy of better 
than 1 per cent. An integrated low pass 
filter can be switched in decimal steps 
from 10Hz to 1,000Hz. 


We frequently want to measure very low 
DC voltages. One example is the meas- 
urement of the output voltage of a diode 
detector, plotted against the input power. 
For input power values of under -30dBm, 
we obtain DC voltages which are only 


Table 1: Specification of measuring amplifier. 


Maximum input range (no damage) +9v pp 
Maximum output range (typical) +5v pp 


Input impedance 10MOhm 

Output impedance 1kOhm 

Gain Switchable 1 / 10 / 100 /1000 

Cutoff frequency Switchable 10Hz / 100Hz / 1kHz 
(single pole RC filter) 

Slew rate (typical) Approximately 10mv/us (filter 1kHz) 


Approximately Imv/uUs (filter 100Hz) 
Approximately 0.1mv/uUs (filter 10Hz) 


Zero offset Manual using a potentiometer 
Zero offset drift (typical) <1mv/h (gain = 1000) 

Indicators LED for battery low +9v, -9v 
Connectors BNC sockets 

Power supply 2 x Ov battery 

Battery life (typical) 15 hours 

Temperature range +20 to +30°C 

Housing Aluminium 

Dimensions Approximately 103 x 60 x 170mm 
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microvolts. This universal DC voltage 
amplifier has been developed to be able 
to measure such low DC voltages using 
common digital voltmeters. The technical 
data for the universal measuring ampli- 
fier can be found in Table 1. 


The amplifier is based on three OP27, 
low-noise precision operational amplifi- 
ers. However, an amplifier of this type 
requires a correspondingly low-noise and 
hum-free power supply. The best option 
here is to use two 9V batteries. The 
housing used for the measuring amplifier 
is also important. The amplifier must be 
fully shielded otherwise interference like 
50Hz hum will be induced due to the 
mains supply lines. So only a metallic 
housing can be considered. 


The gain can be switched in decimal 
steps from 1 to 1,000. The gain can be 
obtained accurately, without alignment, 
using precision metal film resistors 
(0.1%). The gain is switched by means of 
reed relays, so that the actual signal does 
not need to be fed through the compara- 
tively poor contacts of the rotary switch 
on the front panel. 


The cutoff frequency of the measuring 
amplifier can be switched in decimal 


steps from 10Hz to 1kHz. The use of a 
low cutoff frequency is particularly ad- 
vantageous for very noisy signals or 
oscillating signals. The latter can, for 
example, come from power lines via an 
induced 50Hz alternating field. High fre- 
quency variations can be suppressed us- 
ing the low pass filter, which leads to a 
more stable display on the voltmeter. 


2. 
Description of circuit 


The circuit diagram for the measuring 
amplifier can be seen in Figs 2 and 3. At 
the input, resistor R1 provides a defined 
input resistance of 10MOhm. The high 
impedance input signal is measured by 
the voltage follower U1 and is available 
as a low impedance source at the output 
(PIN 6). 


In the next stage (U2), the gain is 
determined by the switched feedback 
resistors (R3-R6) and by R2. Because an 
inverting amplifier is used, no unusual 
resistance values are needed to obtain the 
decimal gain values. Since the resistors, 
R2 to R6, determine the gain, only 
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1 = 26 mA 


Batt +9¥ 


| | 


Batt GND O& 


| 
C12 
47ure5yv 


Fig 3: Circuit diagram of battery monitor. 


precision metal film resistors (0.1%) can 
be used. To ensure that the amplifier’s 
output is the correct polarity, a second, 
unity gain, inverting amplifier (U3) is 
used. Precision metal film resistors 
(0.1%) must also be used for R8 to R10. 
The output resistor, R11, protects the 
output and prevents any problems when 
capacitive loads are connected (e.g. co- 
axial cable connection to an oscillo- 
scope). The output resistance of 1kOhm, 
together with the input impedance of the 
load forms a voltage splitter. With a 
typical input resistance for a digital volt- 
meter or oscilloscope of >10Mohm, there 
is a negligible error of less than 0.01%. 


A switchable, single pole RC low pass 
filter is connected between the two in- 
verting amplifier stages (U2 and U3). 
The cutoff frequency is restricted to 
1kHz by capacitor C6. Additional capaci- 
tors (C7 or C8) can be switched in 
parallel to reduce the cutoff frequency to 
100Hz or 10Hz. 


The gain of U2 is switched by reed 
relays, KI to K4. So only a control 
voltage must be switched on the front 
panel, using the rotary switch. 


The zero point of the entire amplifier is 
set on the front panel by potentiometer 
R26 that sets the offset of Ul. The range 
has been restricted by the resistors, R24 
and R25, so that precise adjustment is 
still possible even with high gain. 


The two comparators, U4 and US, moni- 
tor the supply voltage. If the battery 
voltage falls below 7.5 Volts, the LED 
display for the battery in question goes 
out. Any flickering of the LEDs at the 
switching threshold is avoided by hyster- 
esis, using R17 and R18 (or R22, R23). 


The current consumption for the entire 
circuit is approximately 20mA (at +9V) 
and 10mA (at -9V). The highest con- 
sumption levels are for the operational 
amplifiers, U1 to U3, and the reed relays, 
K1 to K4. The comparators (U4, U5) for 
voltage monitoring require no more than 
S5uA (without LED). Only low current 
light emitting diodes are used. No elec- 
tronic reverse battery protection was pro- 
vided, this is present because of the 
mechanical dimensions of the battery 
compartments. 
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(*) (e) 


Fig 4: Top side of the PCB for the measuring amplifier. 


The board layout of the through hole 
3; plated, two layer printed circuit board, 
made from 1.5mm thick FR4 material, is 
Assembly shown in Figs 4 and 5. There are no 
special instructions concerning the fitting 
of the components in accordance with 
No SMD components are used in the Fig 6. 
circuit, which makes copying particularly 
simple. Once the components have been fitted 


IC-1000 rev.1 
{O) 


SMe 


0.0.0.0 0 
>OEI 


©. 


(@)} DG6RBP-Messverst. 


Fig 5: Bottom side of PCB for measuring amplifier. 
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Fig 6: Component layout for the measuring amplifier. 


onto the printed circuit board, it is in- 
serted into the housing and connected to 
the other components and the battery 
compartments. The connections to the 
battery compartments and the switch are 
protected from accidental short-circuits 
by a heat shrinkable sleeve. 


After a comprehensive function test 
(amplification, cutoff frequency, compa- 
rators), the measuring amplifier is ready 
for operation. The prototype of the 
printed circuit board is shown in Fig 7 
and the completed prototype is shown in 


Fig. 1. 

4. 

Parts list 

Quantity, component and designation 

1x 4700hm, 1/4W (R7) 

2x 1kOhm, 0.1%, metal (R2, R3) 
1/4W 


1x 1kOhm, metal, 1/4W (R11) 
2x 3.9kOhm, metal 1/4W (R16, R21) 
1x 10kOhm, 0.1% metal (R4) 


1/4W 
12kOhm, 0.1%, metal 
1/4W 
15kOhm, 0.1%, metal 
1/4W 
15kOhm, metal, 1/4W 


(R9) 
(R8) 


(R17, 

R22) 

27kOhm, 0.1%, metal (R10) 

1/4W 

33kOhm, metal, 1/4W (R24, R25) 

100kOhm, 0.1%, metal (R5) 

1/4W 

100kOhm, 1%, metal 

1/4W 

536kOhm, 1%, metal 

1/4W 

1MOhm, 0.1%, metal 

1/4W 

1MOhm, metal, 1/4W (R12, R13, 
R18, R23) 

10MOhm, metal, 1/4W (R1) 

20kOhm, potentiometer with 6-mm. 

axis, linear (R26) 


(R15, R19) 
(R14, R20) 
(R6) 


22nF 5%, MKS-2, RMS (C6) 

100nF 5% MKS-2,.—-C1-C5, C9- 

RMS C10, C13- 
C14 

220nF 5%, MKS-2, (C7) 


RMS 
2.2uF, 5%, MKS-2, RM5 (C8) 
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2x 47uF/25V electrolytic 
capacitor, vertical 


(C11, C12) 


3 x OP27, DIP8 (U1-U3) 

2x MAX 931 CPA, DIP8 (U4, U5) 

2x BS 170 (QI, Q2) 

4x 1N4148 (D1-D4) 

4x SIL05-1A72-71L (K1-K4) 

2x BNC printing socket (J1, J4) 
metal 

2x board plug, 2-pin (J6, J7) 

3 x board plug, 3-pin (J2, J5, J8) 

1x board plug, 5-pin (J3) 

2x board coupling 2-pin 

3x board coupling 3-pin 

1 x board coupling 5-pin 


18 x contact for board coupling 

1 x rotary switch, 3x4 positions 

1 x rotary switch, 4x3 positions 

3 x control knobs for 6-mm. axes 
2x LED, green, 3 mm, low current 
2x LED mounting, 3 mm 

1x rocker switch, bipolar 


Signal Generator 


50 MHz : 


_— 
Pa 
-50... +10 dBm i 


if 


Detector 


Fig 8: Measurement application of the amplifier. 
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2x battery compartment for 9-V block 
battery 

1 x printed circuit board DG6RBP 
measuring amplifier, two-layer, 
through-hole plated 

1 x housing with front and rear panels 
(holes milled, printed) 


5. 
Operating instructions 


For precise measurements, a warm-up 
time of approximately 15 minutes is 
recommended once the measuring ampli- 
fier has been switched on. Only high 
quality coaxial cables should be used at 
the input and output. 


3 > el ee 
: Amplifier 
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Fig 9: Test measurements from the diode detector. 


The zero point should be set before any 
test object is connected, after a long 
period of operation or after any variations 
in the ambient temperature. To do this, 
short circuit the input and use the potenti- 
ometer, R26, to set the output voltage to 
OmV. As far as possible, the measuring 
amplifier should not be subjected to any 
temperature variations. 


6. 
Typical application 


As a typical application for the measur- 
ing amplifier, the output voltage of a 
diode detector is indicated, plotted 
against the input power. 


The diode detector was connected to a 
standard RF signal generator and the 
output DC voltage was amplified, using 
the measuring amplifier. A 3% digit, 
digital voltmeter (DVM) acts as a dis- 
play. 50MHz was set as the frequency on 


the signal generator. The measurement 
assembly is shown in Fig 8. 


The output level of the signal generator 
was increased in stages from -50dBm to 
+10dBm in 1dB steps and the output 
voltage was noted. Each time the maxi- 
mum output voltage of the measuring 
amplifier (approximately +5V) was ex- 
ceeded, the amplification factor was re- 
duced by one step. 


The DC output voltage of the detector 
can be calculated using the gain of the 
amplifier. The measurement data ob- 
tained in this manner were then con- 
verted into a measurement curve on the 
PC, a curve shown in Fig 9. 


Without the measuring amplifier, it 
would not have been possible to deter- 
mine the very low output voltage (uV) 
for low RF levels using the digital volt- 
meter. 
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New measuring method to 
determine the bandwidth 
occupied by J3E (SSB) 


transmissions 


The linearity of single sideband trans- 
mission peaks is checked in the same 
way as RF power amplifiers, normally 
using a multi-tone test. Considerable 
control of the measurements is re- 
quired in particular for short peak 
power levels. There are also other 
parameters that affect the transmis- 
sion. 


The classic procedures for linearity 
testing and for determining the band- 
width occupied by J3E transmissions 
are discussed below. A new measuring 
method is presented which makes it 
possible to measure the effective band- 
width occupied under real conditions 
and with real combinations of equip- 
ment. 


1. 
Initial situation 


The bandwidth occupied by a transmis- 
sion is the most important parameter as 
far as radio engineering is concerned. 
Limiting values specified by the regula- 
tory authorities must be adhered to in 
accordance with the current test specifi- 
cations. There are also directives that 
define the bandwidth to be occupied and 
the maximum levels of spurious trans- 
missions allowed. 
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If you are using high power then it is 
important to generate a signal as narrow 
as possible. Having a signal that is as 
clean as possible also reduces the prob- 
lems for local radio stations operating 
close to your own operating frequency. 


The bandwidth actually occupied by a 
J3E transmission is usually determined 
by: 


e The transmitter's frequency response 
- this means that improvements can 
be made by using a sharp audio filter. 


e Linear crosstalk, which can be di- 
vided into: 


- suppression of carrier 


- suppression of undesirable side 
band 


e The linearity of the transmitter, 
which is expressed by the intermodu- 
lation behaviour and, in my opinion, 
by the compression point 


e Any level restriction e.g. ALC 
(Automatic Level Control) and its 
regulation characteristic and/or the 
response of any frequency limiting 


The conventional test procedure is based 
on determining the individual parameters 
(largely independently of one another) 
and establishing them under specific and 


VHF COMMUNICATIONS 2/2005 


Signal 
Generator 


Output 
measurement 


Fig 1: Test setup used to measure the frequency response. 


(hopefully) repeatable conditions. The 
procedure is described in detail below. 


2. 

Conventional testing of 
parameters in J3E transmission 
peaks 


2.1. Transmitter frequency response 
and transmission band 


To determine the transmitter frequency 
response, the transmitter is modulated via 


the microphone input by a tone generator 
(Fig 1). To keep the transmission in the 
linear range, the modulation voltage 
should be selected in such a way that the 
transmission power remains within 6dB 
of the maximum peak power. The modu- 
lation frequency can then be tuned in 
steps, while the voltage level fed in at the 
microphone input is kept constant. The 
output generated, shown in Fig 2, repre- 
sent the frequency response of the trans- 
mission. A steep reduction should be 
recorded below approximately 300Hz 
and above 2,500Hz to 3,200Hz. 


The regulations (e.g. FuG 100) specify a 
reduction of 25dB at 3.5kHz compared to 
the power at 1kHz. The corresponding 
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readings are 


© 4kHz -32 dB 
e 10kHz -48 dB 
e from 20kHz -60 dB 


If a wattmeter is the only power measure- 
ment available, then the drop in perform- 
ance at the highest peak of the transmis- 
sion curve can determined in dB as: 


An (ins)=10 {Pe ) “ 


max 
Where: 


A j, = power drop in relation to highest 
peak of the transmission curve, plotted 
against modulation frequency in ques- 
tion, fin dB 


mod? 
max ~ POWer at highest peak of the 
transmission curve, in W 


P.,.q= initial transmitter output, plotted 
against eae frequency in ques- 


tion, fa 1 
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2.2. Suppression of carrier and 
sideband 


To determine the carrier suppression, 
together with the suppression of the 
undesirable sidebands, the transmitter is 
once again modulated via the micro- 
phone input using a tone generator (Fig 
4). The transmitter is keyed using the 
PTT and the modulation voltage level is 
increased in small stages until the output 
stops increasing. The spectrum analyser 
is connected using a power attenuator 
with an appropriate maximum thermal 
capacity. This is used to evaluate the 
suppression of the carrier and the unde- 
sirable sidebands that appear on either 
side of the carrier spaced by the modula- 
tion frequency. An example of a J3E 
transmitter, modulated in the upper side- 
band, can be seen in Fig 5. A harmonic 
of the modulation tone can be detected to 
the right of the modulation tone, at 
approximately -39dBc. These are gener- 
ated as the saturation at the microphone 
input increases. 


From a practical point of view the big- 
gest uncertainties lie in the fact that the 
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Spectrum 
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Fig 4: Test setup used to measure carrier and sideband supression. 


sideband suppression can vary, to a not 
inconsiderable extent, with the modula- 
tion frequency. Only one discrete modu- 
lation frequency is normally used in the 
measurement procedure (often 1kHz or 
1.1kHz), however the entire speech band 
is present from the microphone. 


2.3. Transmitter intermodulation 


Intermodulation represents an important 
criterion for assessing the linearity of 
both transmitters and (downstream) RF 
power amplifiers. Among all the effects, 
intermodulation products frequently 
dominate the bandwidths actually occu- 
pied with a single sideband modulated 


2 Ob Apr a3 98:41 


Ref 50 dBm 


*RRW LDC Hz 
*VRW 106 Hz 


SuT 3.28 


signal. Small transmitter intermodulation 
intervals in the J3E type of transmission 
also indicate a direct effect on the modu- 
lation quality. 


To determine the transmitter intermodu- 
lation attenuation, either the signals from 
two low distortion tone generators are fed 
into the microphone input via a suitable 
coupler, or else a special two-tone gen- 
erator is used, [3] offers a suitable sug- 
gestion. Certain addition circuits can be 
used as couplers to bring the two modu- 
lation tones together, with the help of 
operational amplifiers. The transmitter is 
keyed via the PTT and the two modula- 
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Fig 6: Test setup used for two-tone test. 


tion tones are increased in small stages, 
with the same amplitude, until the output 
of the tones in the RF band lies below the 
nominal output, with single tone level 
control (Fig 6). 


As a result of non-linearities, distortion 
naturally arises, which appears in the 
frequency range and thus in the spectrum 
displayed around the transmission signal 
as additional spectral lines. These will be 
the harmonics of the modulating tones, 
together with the totals and difference 
frequencies arising from this through 
mixing, which are designated as inter- 
modulation products. The intermodula- 
tion products that are of particular inter- 
est in relation to the bandwidths occupied 
(by the two-tone modulated transmission 
signal) occur (in frequency-dependent 
terms) at: 


Sis = 2h - hi (2) and 
Sis = 2h - Sf (3) and also at 
Sims =34,-2h, (4) and 
Jius =3fo -24, (5) and also at 
fur = 44, -3h/, (6) and 
Sur = 4h 3h; (7) 

Where: 


f, = frequency of lower exciter tone in 
Hz 


f, = frequency of higher exciter tone in 
Hz 


f, 


IM3? 


f, 


ms fim? — frequency at which 
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— 


U 


Attenuato 


inter-modulation products of corre- 
sponding order are to be expected, in 
Hz 


When practical measurements of this 
kind are carried out in the upper sideband 
(USB), a component can frequently be 
detected which is scarcely mentioned in 
the literature, and which falls directly 
into the useful channel between the ex- 
citer tones at: 


=ft(i-f) (8) 


Focus ) 


or with measurements in the lower side- 
band (LSB) at: 


SF case ) =f, +(A-f) 
Where: 


(9) 


Tega ‘sus sp = interference product 
arising additionally through mixing 
and dependent on sideband used in Hz 


f, = carrier frequency of J3E signal 
investigated in Hz 


f, = frequency of lower exciter tone in 
Hz 


f, = frequency of higher exciter tone in 
Hz 


Fig 7 shows these components (f,753)) 
somewhat higher than the lower exciter 
tone. For practical work, it is helpful to 
note that intermodulation products al- 
ways arise at intervals above and below 
the intermodulating exciter tones, and 
thus at their frequency-dependent inter- 
vals to one another: 
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Fig 7: Output of the two-tone test showing the sidebands generated. 


M=f-f (10) 


Where: 


f, = frequency of lower exciter tone in 
Hz 


f, = frequency of higher exciter tone in 
Hz 


Intermodulation products rise consider- 
ably faster than the exciter signals that 
cause them to occur, so that the inter- 
modulation interval (IMA) decreases as 
the level control increases. It is difficult 
here to obtain any direct indication of a 
formula regarding the rise of the inter- 
modulation products; something like the 
evidence for a cubic rise is frequently 
cited in connection with third order inter- 
modulation (f;,,;)- 


As amplifiers are often already being 
operated a long way into compression - 
i.e. in that range where an increase in the 
input power produces a smaller increase 
in the output than is the case for level 


control with small signals, considerations 
of this nature no longer apply. This is 
also emphasised quite clearly by the 
measurements shown in [4]. The reason 
behind a deliberate level control of this 
type in the non-linear range is_ that, 
firstly, it leads to maximum power yield, 
and, secondly, the circuit design can be 
optimised. 


To be able to obtain really meaningful 
and, above all, comparable data concern- 
ing a transmitter intermodulation interval 
on various pieces of equipment, the most 
important thing necessary is absolutely 
identical measurement conditions. The 
strength of the intermodulation products 
frequently varies with the frequency of 
the modulation tones used for the meas- 
urement. The tone frequencies specified 
by some CEPT guidelines - 700Hz and 
2.5kHz - are often used. On the basis of 
practical operation, the greatest uncer- 
tainties are caused by the fact that a 
whole lot of different frequency combi- 
nations - depending on the speech spec- 
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Fig 8: Output of a 
10 watt transmitter 


being tested with 
the four-tone test. 
The tones were 
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trum - can lead to wild intermodulation. 
In addition, amplifiers frequently release 
short-term peak power levels (also know 
as pulse power), with values markedly 
above those for continuous operation. 


For single sideband modulation, only the 
upper peaks of the modulation envelope 
bring about actual full modulation in the 
lower millisecond range, this changes if 
the key is pressed for a relatively long 
time at full power. An essential factor 
here is the DC supply voltage, which 
frequently collapses under full power. 
The internal resistance of the transformer 
cannot recharge the electrolytic filter 
capacitors but for short-term peaks the 
capacitors guarantee adequate peak cur- 
rent delivery. The thing is a dynamic 
process. This is shown by the non-linear 
characteristics of the dynamic system 
behaviour that has a drastic influence on 
the actual intermodulation behaviour. 


2.4. Automatic level restriction 


To investigate the limiter effect, accord- 
ing to the CEPT guidelines, a four-tone 
modulation signal is required (analogous 
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to Fig 6). When the total modulation 
level is altered the change in the trans- 
mitter output should be monitored. It 
should change only within specified 
fixed limits for a defined variation in the 
total modulation level. A measurement of 
this kind on a 10Watt transmitter is 
shown in Fig 8. The power for each of 
the four individual tones is 12dB below 
the total output since the individual com- 
ponents are added together. The small 
variation in level between the individual 
tones is based on the frequency response. 


Carrying out such measurements 1s diffi- 
cult in practice, among other things, the 
sensitivity and impedance of the micro- 
phone input, which depends on the type 
of equipment being investigated, must be 
know and is rarely specified in equip- 
ment documents. The total modulation 
level should then be varied around this 
normal sensitivity. For the reasons stated, 
we shall not go into the precise method- 
ology in any greater detail. 


One thing of interest here is if the 
microphone input is saturated by the 
four-tone modulation signal, the limiting 
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Fig 9: Output of a 
10 watt transmitter 


being tested with 
= the four-tone test 


with the audio 


input saturated. 
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effect can provoke the behaviour like that 
shown in Fig 9. The shape of the curve 
(not the power!) is very like that depicted 
when the measuring method discussed 
later in the article is implemented, using 
real modulation. This raises the obvious 
possibility that J3E transmitters modu- 
lated using the microphone are already 
frequently level controlled to such an 
extent that the automatic level restriction 
is already having a marked effect. 


35 
Provisional appraisal 


In the classic measurement procedures to 
determine the spurious transmissions 
close to the carrier due to a J3E transmis- 
sion, together with the bandwidth occu- 
pied, there are almost always uncertain 
factors concerning the signal actually 
being emitted on the band. The effects in 
real operation are superimposed but are 
only detected one after another in meas- 
urements and are not fully taken into 


consideration. The methodology set out 
below is intended to fill these gaps, and 
provides additional information. It re- 
quires the use of a spectrum analyser 
with a memory. 


4. 
New measuring method 
provides additional information 


A spectrum analyser usually operates in 
“Clear/Write” mode where the screen is 
refreshed for every frequency sweep. The 
amplitude values previously detected for 
the frequency in question are thus se- 
lected again and the previous values are 
overwritten. If a speech modulated trans- 
mission is displayed in this manner, the 
screen would show a random jump be- 
tween the noise base in the speech pauses 
and the power at a specific frequency, 
which is dependent on the degree of level 
control (Fig 10). 
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Fig 10: Spectrun 
analyser output 


with speech input. 
The spectrum 


analyser is set to 
"clear/write" 
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In contrast to this, the “Max Hold” mode 
uses a comparator, so that the display 
show the maximum values as the fre- 
quency is repeatedly swept. 


If a transmission is made using the 
microphone normally used while the fre- 
quency range near the carrier is displayed 
on the spectrum analyser, then little by 
little a screen builds up as the sweeps 
continue (Figs 11 and 12). Assuming that 
the transmission was long enough, a 
curve is generated that represents the 
“worst case” and shows all of the compo- 
nents present in the transmission at the 
"maximum" level. Effects such as the 


@: 


Microphone 


short-term generation of high peak out- 
puts and the consequential signal purity 
changes that were described in 2.3 are 
account for. The worst-case values for 
the attenuation of undesirable spurious 
transmissions are displayed. 


4.1. Noteworthy settings on the 
spectrum analyser 


The analyser should be used with suffi- 
cient attenuation (internal attenuation) to 
keep the inherent intermodulation of the 
measurement instrument low. This means 
display errors caused by the spectrum 
analyser itself are minimised. Even with 
40dB attenuation and the attenuator be- 


ia Al 


Spectrum 
Attenuator analyser 


Analyser settings: Max hold 
RMS detector (or sample) 


Fig 11: Test setup used for the new method of measuring a J3E (SSB) 
transmitter. 
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Ref 50 dBm #Atten 40 dB 


Center 14.2 MHz 


#Res BW 100 Hz #VBW 100 Hz 


tween the transmitter output and the 
spectrum analyser (Fig 11) an adequate 
display resolution can usually be ob- 
tained. This is because the range between 
the highest peaks and the undesirable 
elements rarely exceed 45dB. 


The intermediate frequency resolution 
bandwidth (RBW) on the spectrum ana- 
lyser should be selected to be narrow, so 
that signal components lying close to one 
another can be separated. A value of 
300Hz is practical and comparable with 
the lowest modulation frequencies. The 
display span should be 16kHz (+/- 8kHz 
around the carrier) with a sweep rate of 
ls. To make the process go faster, the 
VBW (video bandwidth) can be selected 
to be greater than the intermediate fre- 
quency resolution bandwidth. Because 
almost all noise signals are swamped by 
components of the signal being analysed, 
the integrating function of the video 
bandwidth does not increase the meas- 
ured values. 


If the spectrum analyser has an “RMS 
detector”, it is preferable to use this 
option. Otherwise, it is possible to use 
the “sample detector” built into almost all 
equipment. 


Fig 12: Spectrum 
analyser output 

Trace | with speech input 

2 land the spectrum 

analyser in "max 


hold" mode. 


4.2. Test readings 


The behaviour of a J3E transmission 
signal with good signal purity is shown 
in Fig 13. The results obtained by the 
current test procedures and with real 
modulation using the “Max Hold” 
method are shown. The signal displays 
really good values, thus there is no sign 
of the carrier and the undesirable side- 
band in the single-tone test, as can be 
seen top left. 


In Fig 14, with the speech processor 
turned on, the suppression of the side- 
bands and the carrier, together with the 
intermodulation intervals, remain exactly 
the same, but the real modulation test 
method exposes some interesting behav- 
iour. Surprisingly, undesirable transmis- 
sions above and below the useful signals 
are attenuated much more. The reason for 
this can be found in the speech processor 
used, which trims the frequency re- 
sponse, such a signal is no longer state of 
the art. In this case it is an advantage 
because it gives a purer transmission. (By 
the way, the speech quality is not im- 
paired using the speech processor on the 
apparatus tested.) 


The results of the investigations into a 
valve amplifier stages used to boost the 
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power of low powered single-sideband 
transmitters are represented in Fig 15. 
The effects described in 2.3 are shown 
here, the test piece is only able to emit 
the full RF power for a period of a few 
milliseconds. After that, the amplification 
falls to lower values. 


The signal fed to the amplifier input must 
be markedly better (purer) than the am- 
plifier itself to ensure that the characteris- 
tics of the amplifier under test are meas- 
ured accurately. If it can be guaranteed 
that the intermodulation products of the 
two-tone signal fed to the test piece are at 
least 18dB [5] higher than the final 
intermodulation products for the test 
piece, then the resultant error remains 
below 1dB. The two-tone signal fed to 
the test piece in the specific case gener- 
ates third order intermodulation products 
of 40dB. No higher order products can be 
detected. 


Fig 15 shows all signal scenarios for both 
measurement procedures; the input sig- 
nals to the test piece are on the left and 
on the right the signals after amplifica- 
tion. Since the settings on the spectrum 
analyser were retained for all four plots, a 
direct comparison is possible. The ampli- 
fication for the power amplifier being 
tested can be directly read off. The fact 
that the amplification, in comparison to 
the highest peaks, is slightly higher for 
the real modulation test than for two-tone 
test should cause no surprise. The power 
actually collapses under continuous two- 
tone test. 


The following sentences were always 
used for all the measurements carried out 
in “Max Hold” mode: “CQ, CQ, CQ de 
Oscar Echo Drei Romeo Alpha Alpha, 
CQ, CQ 40m...” followed by the NATO 
phonetic alphabet from “Alpha” to 
“Zulu” - repeated three times. This takes 
about 3 minutes from the start of the 
measurement to the end, producing a 
good image. 
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4.3. Repeatability 


The repeatability of the new type of 
measurement method using real modula- 
tion can be seen in Fig 16. The spectro- 
grams shown there were taken from the 
same transmission the spectrum analyser 
screen was deleted between measure- 
ments. There are no detectable variations 
except in the dB range. Anyone who 
knows a bit about practical intermodula- 
tion measurements on transmitters knows 
that discrepancies of this order of magni- 
tude are expected. The longer the time 
taken to build up the image, the better, all 
of the “worst case data” is detected. Thus 
a sufficiently long measurement time is a 
basic pre-condition for results that can be 
interpreted best. 


5. 
Findings 


The highest power level detected in the 
transmission range during the real modu- 
lation procedure in “Max Hold” mode is 
always found at relatively low frequen- 
cies (around 500Hz). The curve, which 
slopes downwards at higher frequencies, 
shows that the higher frequencies in 
normal speech do not have the energy to 
modulate normal transmitters fully. But 
this effect is also partly based on the 
response of the automatic level control 
(see 2.4). 


It is interesting that the real effective 
bandwidth and/or the undesirable spuri- 
ous transmissions around the useful 
channel have decidedly better values than 
those obtained from the two-tone test 
would have led us to expect, even when 
we are working at the very limit of level 
control, at a point where the typical 
“splattering” takes place. The measure- 
ments displayed verify this impressively. 


The curves produced show the spectrum 


VHF COMMUNICATIONS 2/2005 Cp. 


Alignmen 
Alignman 


System, 
Systam, 


Zoe) OURS 2 OOre 


ERE a 


15 


3 rs 
o o 
| | | 
c c 
a o 
t t 


dul 2004 
System, 
46 
Systam 


#Attan 


Fig 15: Measurements made on a near perfect SSB exciter shown on the left 
and on the output of a power amplifier on the right. 
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new test method. 
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clearly, the left hand curve in Fig 15 
shows a signal that can be used as a 
reference because it is nearly perfect. 
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Lightning scatter: a faint and 
rare mode of propagation 


Reflections on layers of the ionosphere, 
reflections on ionised meteorite trails, 
echoes on airplanes, EME, reflections 
on auroral ionised clouds ... Various 
modes of radio propagation have been 
explored and used for a long time by 
radio amateurs. 


Could lightning also be capable of 
scattering radio waves? 


This article deals successively with a 
theoretical and a practical approach to 
lightning scatter. 


1.0 


Theoretical point of view 


1.1 Is a flash of lightning able to 
reflect radio waves? 


Any ionised medium is liable to reflect a 
radio wave. A thunderbolt is a violent 
electric discharge that heats and ionises 
the ambient air. Temperatures can reach 
20 or 30,000°K and the electron density 
can raise up to 10"” to 10"° electrons per 
cm’? [2]. Knowing that the electron 
density necessary to get full radio waves 
reflection is as follows [4]: 


2 
eee Gh 
e 

m and e being respectively the mass and 
the electric charge of an electron and f, 
being the frequency of the reflected 
wave, one can see that a flash of light- 
ning is theoretically able to reflect the 
entire radio spectrum. 


Replacing m and e by their numerical 
values and using electrons per cm’ for N, 
, the highest reflected frequency is: 


ee ee 
Iy 34-10% 2 


with f,, given in MHz and N, in electrons 
per cm’. 


So one can see that 3 x 10° electrons per 
cm? is a density that is high enough to 
allow a reflection of VHF or UHF radio 
waves. 


A lightning flash ionised channel can be 
several kilometres long [6], with a diam- 
eter being a few centimetres in size. 80 % 
of the flashes are of cloud-cloud type 
(CC, see fig 1), 20% being of the cloud- 
ground type (CG, see fig 2). 


The extremely high temperature gradient 


affecting the air layer close to electric 
discharge could possibly participate in 
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the radio waves reflection. 


1.2 What could be the effective 
duration of reflection from a flash of 
lightning? 


A CC or a CG lightning flash is com- 
posed of several phases. 


At the beginning, low intensity precur- 
sors (where electrical current reaches a 
few hundreds amperes) appear in a 
highly charged part of a cloud. When a 
conductive channel is connected between 
two parts of a cloud with opposite polari- 
ties, or between a cloud and the ground, a 
return stroke appears which carries a 
huge quantity of electricity (several ten 
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thousands amperes). 


A complete lightning flash includes sev- 
eral return strokes and can last several 
hundreds of milliseconds [2], [3]. 


1.3 What is the probability of 
occurrence of lightning flashes? 


Most of the 3000 thunderstorms that 
appear each day around the world occur 
in the equatorial area. 


In Europe, the occurrence is around some 
tens of electrical activity days per year 
[1]. See Fig 3 for a map of France 
showing an example of the yearly statis- 
tics. Knowing that a single thunderstorm 


VHF COMMUNICATIONS 2/2005 


generates hundreds or thousands of light- 
ning flashes, one can see that the prob- 
ability to get some echoes is not negligi- 
ble. 


1.4 What is the maximum distance 
one can expect for lightning echoes ? 
The maximum echo range for a transmit- 
ter and a receiver located both at ground 


level (if we consider they have the same 
altitude) depends on the mirror altitude. 


The range is as follows: 


Dyyx = 2° R-arccos 


m 


R being the Earth radius and h the height 
of the reflecting part of the lightning 
flash. 


For example, a height of 5000m gives a 
range of 500km, assuming that the mirror 
is located half way of the transmitter and 
receiver, and a little bit more if the 
atmosphere refraction is taken into ac- 
count. 


Fig 3: Annual 
statistics about 
thunderstorms in 
France. 


Practical experiment 


A reliable test procedure has to be estab- 
lished, to be sure to catch, record and 
analyse any lightning scatter. 


Just listening to distant beacons during a 
stormy day is too subjective and not 
convincing enough to prove that light- 
ning scatter really exists. 


The following key points were taken into 
account when establishing the test pro- 
gramme: 


e choice of a radio beacon transmitting 
a stable and well known signal 


e absence of interference around the 
beacon frequency 


e distance between beacon and receiver 
large enough to avoid any reception 
when there is no ordinary tropo- 
spheric propagation 


e probability of frequent thunderstorms 
on the beacon/receiver path 
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With all these prerequisites in mind, a 
campaign of systematic audio records 
was performed during summer 2004. The 
e simultaneous automatic record of ra- radio amateur beacon, FSXAG, was cho- 
dio noise generated by the lightning sen because it fulfils most of the required 
flashes in order to allow further cor- criteria. 
relations analysis 


e automatic record of receiver audio 
output to allow further batch analysis 


At each end of the 648km path under 


* monitoring of thunderstorm predic- investigation (see fig 4), the equipment 
tions and real time activity thanks to wag as follows: 


weather agencies Internet providers 


ee 


= 


432 MHz RX 137 kHz RX 


Ne, 


Audio data processing 
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Antenna 2 x 10 element yagi 
Beacon: RHCP/LHCP 
Receiver ICOM IC-821H + 
Name: FSXAG masthead preamplifier 
Location: IN93 WC j 
Altitude: 550m LF receiver (137kHz): 
Frequency: 432.413MHz 
ERP: 40W Name: F6AGR 
Beam: NNE Location: JNI8DQ 
; Ant. altitude 56m 
UHF receiver (432MHz): Antenna 23 turns 1.2m? square 
. loo 
Name: F6AGR : p 
Location: JN18DQ Receiver ICOM IC-738 
Ant. altitude 66m Antennas configurations are shown in 


Fig 7: 137kHz receiving 
loop antenna. 


figs 6 and 7. 


The 137kHz amateur band was chosen as 
the lightning flash monitoring frequency 
because it gives a good compromise on 
the detection range of European thunder- 
storms. Watching flashes on VLF would 
have given too many pulses generated by 
very distant thunderstorms. On the other 
hand, the energy radiated by a thunder- 
bolt in the VHF/UHF band is quite small, 
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and so the range on these bands is 
limited. 


2.1 Receiver/recorder configuration 


The audio outputs of the 432MHz and 
137kHz receivers are connected to a PC 
fitted with a stereo sound card (see fig 5). 
The computer is also used to analyse the 
records and to track any interesting ech- 
oes. 


Fd “Spectrum Laboratory V2.4 b8 (BETA, 2004-07-18) 


File Start/Stop Options Quick Settings Wiew/\Windows Help 


Acquiring samples 


Capture n 


Time: 17:16:44.8 


peak at 1112.92 Hz 


"Sdemarrer™" pep a> atone te >| Ble srem 


cee | el] OJ Al el 
FR COMO BSL i716 


| @ Yolume principal &|Specleb 


Fig 9: FSXAG lightning scatter. 
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c Fig 10: Real time 
20:30 observation of 


B lightning strikes 
1 (21 July 2004). ed - 
looks better in 
colour, see VHF 


+ Orange 


oe 
rane R ieteacentre.com/ 
Sferics plot 


The UHF receiver is equipped with an 
OCXO, which is mandatory to tune the 
VFO to the correct frequency without 
receiving any permanent signal (provided 
that the beacon transmits on the correct 
frequency). 


Both audio channels are recorded in 
parallel, with 16bit resolution. The sam- 
ple frequency being adjusted to get the 
best compromise between the audio pass 
band and the volume of stored data. For 
example, one hour of stereo recording 
with an audio pass band of 4kHz and a 
16bit resolution is more than 115Mb. 


Recordings are performed in real time on 
the hard drive of the computer and then 
stored on 4.7Gb data DVDs. Data com- 
pression such as those performed by MP3 
algorithms are not usable, because they 
distort the signal too much, so only WAV 
recordings offer the necessary record 
fidelity. 


To identify any faint and short echoes, a 


or non-commercial use ¢ 


solution is to use a spectral analysis tool. 
Although an FFT algorithm is not the 
best tool to track short pulses, FFT 
software is very easy to find and to 
download from Internet. 


A graphical display showing frequency 
on the Y axis, time on the X axis and 
some colours to give an amplitude indi- 
cation is very easy and pleasant to exam- 
ine visually. A quick look is much more 
effective for identifying a short and faint 
echo than spending a very long time to 
listen to white noise. 


Two complementary software tools were 
used for the experiment: 


¢ CoolEdit 2000 from Syntrillium 


e Spectrum Lab, developed by Wolf- 
gang Buischer DL4YHF 


CoolEdit 2000 is very valuable for jug- 
gling with long audio records, offering 
useful functions such as Rewind, For- 
ward, simple FFT controls, time and 
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Fig 11: FSXAR lightning scatter. 


frequency zooms, all of which are very 
simple to use. 


Spectrum Lab is a powerful spectral 
analysis tools kit allowing many param- 
eters adjustments. However it requires 
some knowledge of signal and data 
processing to be fruitfully controlled. 


3.0 


Results of the experiment 


Several 24 hours-a-day audio records 
have been performed during calm and 
thundery days of summer 2004. 


The first result is that on this N/S path, 
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bursts of signal coming from the FSXAG 
beacon were clearly received night and 
day. Each burst was some tens of seconds 
long, separated by minutes or tens of 
minutes of silence. An example of such a 
burst is shown in fig 8. Some bursts show 
a typical Doppler effect indicating that 
the signal is may be reflected from high 
altitude airplanes, but some others 
present some frequency splitting and 
drifts which are not easily explainable. 


Several occurrences of lightning scatter 
on 432MHz were clearly identified in the 
summer 2004 records. Fig 9 shows an 
example of such an echo received on July 
the 21* around 20:30 local time. 


The lower trace (432 MHz channel) 
shows a beacon echo around 1200Hz that 
goes on for about 500 milliseconds. The 
signal to noise ratio is about 10dB. No 
noise at all generated by the lightning 
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flash itself was detected. The upper trace 
shows the corresponding 137kHz activ- 
ity, which consists in broadband spikes 
generated by each electrical discharge. 
Fig 10 shows the real time status of 
thunderbolt ground hits at 20:30. 


During summer 2004, a sea thunderstorm 
in Brittany allowed another lightning 
scatter hunt on 144 MHz. The ground 
path was 82 km long (see fig 12). The 
conditions were as follows: 


Fig 11 shows an example of the echoes 
which were clearly identified. The hori- 
zontal line indicates that the beacon was 
received most of the time and the vertical 
line shows the wide band noise received 
from the flash itself. On the example, the 
echo was composed of two successive 
bursts, with a total duration of less than 
300mS. The ratio echo/permanent carrier 
was better than 20dB. 


Further to the encouraging results ob- 
tained on 144 and 432MHz, old records 
performed previously in 2002 on 21MHz 
for a meteor scatter study were re-ana- 
lysed carefully in order to track any 
possible lightning scatter on that band. 
The station used as transmitter was a 
powerful short waves French broadcast 
station (Radio-France International) that 
is very useful to track meteor scatter 


Fig 12: FSXAR to 
F6AGRIP path. 


activity. The 21MHz path was 250km 
long. 


The results were amazing and lightning 
echoes were identified at a rate of about 6 
per minute (see fig 13). The refracted 
catrier was received permanently and the 
echo level was 6 to 10dB over the 
permanent carrier. The length of each 
echo was a few hundreds milliseconds. 


4.0 


Conclusion 


This lightning scatter experiment shows 
that radio scattering from thunderbolts 
really exist. 


But many questions remain unan- 
swered... What is the best location and 
orientation of a lightning flash referred to 
a transmitting and a receiving station? 
Are some frequencies better than others? 
What could be the maximum length of an 
echo? 


Elves and sprites, triggered by powerful 
positive lightning flashes have been dis- 
covered recently, thanks to sensitive 
video cameras. Could these large lumi- 
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Fig 13: Radio France lightning scatter. 


nous discharges happening in the lower 
part of the ionosphere also contribute to 
the scattering of radio waves? 


That's another interesting story! 
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Ed - Colour pictures from this article can 
be found on the VHF Communications 
web site - www.vhfcomm.co.uk 


VHF COMMUNICATIONS 2/2005 es 


Back Issues 


: ea ~ Allissues ever published are now available 
cco awe either as photocopies or actual magazines. 
Yim CBr Ommunicarions Issues from 1/1969 to 4/2003 are £1.00 
= each + postage. Issues from 1/2004 to 

4/2004 are £4.70 each or £18.60 for all 4 
issues + postage. See web site or page 34 
_ of issue 1/2005 for back issue list to see 
which issues are only available as photo- 
copies. There are two back issue sets that 
contain the available "real" magazines at a 
reduced price, see web site for details. 
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also contains a very useful list of site links, and downloads of some 
previous articles and supporting information. 


a ¥ Visit the web site for more information on 
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Designation of microwave bands, 
specifications and dimensions 


You can frequent find interesting, but 
dubious, waveguide components at ra- 
dio flea markets. You can't tell, at first 
sight, whether they can be used for 
amateur radio bands. The details given 
in the tables below should be of some 
assistance. For instance, if you find 
some WR-90 waveguide, which can be 
used by radio hams, on X band, it may 
b labelled with other type numbers e.g. 
R 100. The waveguides are listed in 
frequency order. 


For example, X band waveguide can be 
used in the 8.2 to 12.4GHz frequency 
range. Frequencies below the “cut-off 
frequency” of 6.56GHz cannot be car- 
ried. You will normally have no worries 
regarding power compatibility from 
200kW upwards. The internal dimen- 
sions of 2.286cm x 1.016cm can be made 
use of to specify the waveguide, and the 
external dimensions of 2.540 x 1.270cm 
simplify the making of DIY flanges. The 
attenuation values, usually specified for 
100mm, help us to recognise that even 
quite long distances can be bridged on 
this band, using waveguides. 


Well-priced TV-SAT components for 
ATV are frequently in the 10GHz ama- 
teur radio waveband. WR-75 waveguide 
equipment is frequently used, it is suit- 
able between 10.0 and 15.0 GHz. 


The WR-42 waveguide size has made a 
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breakthrough in the 24GHz amateur ra- 
dio band. Suitable Gunn oscillators and 
horn antennas are available. 


The WR-19 waveguide is often used in 
the 47GHz amateur band. 


The WR-137 waveguide can be used for 
the 6cm amateur band. And you can 
frequently find this kind of waveguide 
equipment at a flea market. 


For TV-SAT reception in the C Band 
(3.7 to 4.2GHz), the WR-40 waveguide 
is used. Since this equipment can be 
made use of from 3.3 to 4.9GHz, these 
components can also very easily be used 
in the 9cm amateur band - i.e. from 3,400 
to 3,475MHz. The equipment most fre- 
quently available with waveguides of this 
description consists of receive converters 
and parabolic exciters. 


The frequency specifications in the tables 
should be understood as recommenda- 
tions. The waveguides can also be used at 
lower frequencies, provided you stay 
above the “cut-off frequency”. For exam- 
ple, WR-84 stock can still be used at 
10.386GHz. However, undesirable trans- 
mission modes can develop at frequen- 
cies above the recommended level. 


The designation of the microwave bands 
can be very helpful if you find compo- 
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Table 3: Designation and position of microwave bands in the GHz spectrum. 


nents where only the “band” is specified. the frequency ranges of the various com- 
ponents obtainable from radio flea mar- 
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Internet Treasure Trove 


Radiall-Larsen 


If you need to refresh your basic knowl- 
edge of antennas, or you want to gen up 
on the problems and concepts associated 
with modern WLAN antennas, or to look 
for frequency occupancy tables, or to 
examine this, that or the other, you can 
look at problems more closely by visiting 
the “Technical Reference” section of this 
homepage 


Address: 
http://www. radialllarsen.com/technicalref 
erence.htm 


Andrew 


This company has specialised in micro- 
wave communications systems, and can 
therefore make comprehensive aids to 
systems planning available through the 
Internet without charge. 

The “Andrew Microwave System Plan- 
ner” is very attractive and is also very 
convenient for use at home (...but you 
can find even more under the heading 
“Andrew Power Tools”). 


Address: 
http://www.andrew.com/downloads/defa 
ult.aspx 
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Microwaves & RF 


It’s worth subscribing to this free periodi- 
cal, or at least taking a regular glance at 
the homepage and saving what interests 
you. You can even access old articles and 
complete old issues. For example, there’s 
a link to an article on “Designing a low- 
noise VCO”. 


Address: 
http://www.mwrf.com/Articles/Index.cf 
m?ArticleID=9181 


Tektronix 


An old name, but a company that has 
remained young. In addition to oscillo- 
scopes and anything else modern you can 
imagine, the firm now also provides 
modern RF wireless test sets. So there’s 
naturally extensive technical help avail- 
able, together with some very interesting 
application notes. 


Address: http://www.tek.com/ 
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Software-3000 


There actually seems to be a shop on the 
Internet where you can buy a_ huge 
amount of earlier versions of programs — 
they’re even sorted into alphabetical or- 
der! There are bound to be some “gaps”, 
but a painstakingly thorough search still 
came up with some surprisingly well- 
known and interesting names (APLAC 
7.61 / Ansoft Designer / HFSS / Micro- 
wave Studio, etc.). And all at suspi- 
ciously low prices. 

Should purchasers be worried about any 
legal problems here? 


Address: 
http://www.software- 
3000.com/cads/electronics.php 


FCC 


A famous and very well-known authority 
in the USA. So it’s all the nicer to have 
online tools for free use under this link. 


Address: 
http://www. fec.gov/mb/audio/bickel/find 
values.html 


RF Manuals 


Version 5 of the popular “RF Manuals” 
from Philips-Semiconductors has ap- 
peared. 


Address: 

http://www.semiconductors. philips.com/ 
markets/mms/products/discretes/docume 
ntation/rf_manual/index.html 


Jiwire 


How about a lexicon in which you can 
find a brief and precise clarification of 
almost any term from modern communi- 
cations technology (e. g. from “Fre- 
quency Hopping” through to all the IEEE 
802 standards)? A useful address — make 
a note of it! 


Address: 
http://www.jiwire.com/glossary.htm?id=52 


Martindale’s Calculators On- 
Line Centre 


No detailed explanation needed here: 
someone has collected together every- 
thing he could find on calculators on the 
Net from all over the world, sorted the 
information and made it available to 
other people. There seem to be over a 
thousand titles listed, so have fun rum- 
maging around! 


Address: 
http://www.martindalecenter.com/Calcul 
ators.htm 


Notice 


Owing to the fact that Internet content 
changes very fast, it is not always possi- 
ble to list the most recent developments. 
We therefore apologise for any inconven- 
ience if Internet addresses are no longer 
accessible or have recently been altered 
by the operators in question. 


We wish to point out that neither the 
compiler nor the publisher has any liabil- 
ity for the correctness of any details 
listed or for the contents of the sites 
referred to! 
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READY MADE DESCRIPTION ISSUE No. PRICE 

DG6RBP Pre Divider (:10) up to SGHz 1/02 £ 140.00 
DG6RBP 12GHz Divide by 1000 prescaler 4/03 £ 160.00 
DG6RBP 12GHz Divide by 10 prescaler 1/04 £ 160.00 
DG6RBP Universal measuring amplifier for low de voltages 2/05 £ 130.00 


KIT DESCRIPTION ISSUE : PRICE 

DJ8ES-019 Transverter 144/28MHz 4/93 £ 120.00 
DJ8ES-019/50 — Transverter 50/283MHz 2/95 £ 120.00 
DJ8ES-047 Log Amplifier up to S00MHz with AD8307 2/00 £ 42.00 
DG6RBP-002 Pre Divider (:10) up to 5GHz 1/02 £ 115.00 
DBO6NT-Rotor Simple Speed Control for Rotators 2/02 £ 35.00 


PCB DESCRIPTION ISSUE No. PRICE 
DJ8ES-019 Transverter 144/28MHz or 50/28MHz 4/93 06384 £ 10.00 
SS3MV Set of PCBs for Matjaz Vidmar Spectrum Analyser 4/98-4/99 SS3MV £65.00 
DJ8ES-047 Log Amplifier up to S0O0OMHz using AD8307 2/00 06569 £ 6.50 
DG6RBP-002 Pre Divider (:10) up to 5GHz 1/02 £ 18.00 
DJ8ES-053 Frequency Generator to 4GHz - mixer 1/02 10.50 
DJ8ES-054 Frequency Generator to 4GHz - oscillator 1/02 £9.50 
DJ8ES-054 Frequency Generator to 4GHz - microcontroller 1/02 15.50 
DBO6NT-Rotor Simple Speed Control for Rotators 2/02 5.50 
ATV Squelch 4/02 3.50 
Set of 4 PCBs for FC4000 Frequency counter 1/00 20.00 


Universal measuring amplifier for low de voltages 2/05 16.50 


DESCRIPTION ISSUE . PRICE 

Milled aluminium housing for 5GHz prescaler 1/02 £ 26.00 
SMD SP8910 divider for 5GHz prescaler 1/02 £ 40.00 
EPROM for FC4000 Frequency counter 1/00 £ 10.00 


Please note that due to component supply problems some items have a 
long delivery time, please ask for advice on delivery. 
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